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Introduction

Over the last decade there has been significant progress in 
developing the concepts & technologies required to create a muon
source that would provide O(10 21) muonsper year within a 6D -
phase-space that fits within the acceptance of an accelerator.

This enabling R&D opens the way for:

NEUTRINO FACTORIES in which 
muonsdecaying in the straight 
section of a storage ring create a 
neutrino beam with unique 
properties for precision neutrino 
oscillation measurements.

MUON COLLIDERS in which 
positive & negative muonscollide 
in a storage ring to produce lepton -
antilepton collisions up to multi -TeV
energies.

+
-~1000 turns

before decay
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Muon Collider Motivation
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If we can build a muoncollider, it is an attractive multi -TeV
lepton collider option because muonsdonõt radiate as readily as 
electrons  (m / m e ~ 207):

- COMPACT
Fits on laboratory site

- MULTI -PASS ACCELERATION
Cost Effective

- MULTIPASS COLLISIONS IN 
A RING   (~1000 turns)
Relaxed emittance requirements  
& hence relaxed tolerances

- NARROW ENERGY SPREAD
Precision scans, kinematic constraints

- TWO DETECTORS (2 IPs)
- Tbunch ~ 10 s é (e.g. 4 TeV collider )

Lots of time for readout
Backgrounds donõt pile up

- (m /me)
2 =  ~40000

Enhanced s-channel rates for Higgs -like particles
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A 4 TeV Muon Collider would

fit on the Fermilab Site



Beam Energy Spread
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Beamstrahlung in 

any e+e- collider

E/E 2

Vladimir Shiltsev



Energy Scan: l+l-ŸZô Ÿ -
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CLIC Curves:  Lucie Linssen, SPC, 15/6/2009
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Challenges

Muons are born ( Ÿ ) within a large 
phase space 

- To obtain luminosities O(10 34) cm-2s-1, need to 
reduce initial phase space by O(10 6)

Muons Decay ( 0 = 2 s)

- Everything must be done fast
Ÿ need ionization cooling

- Must deal with decay electrons
- Above ~3 TeV, must be careful about decay neutrinos 

!
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Muon Collider Schematic

Proton source: 
Upgraded 
PROJECT X (4 
MW, 2 ±1 ns 
long bunches)

1021 muons per 
year that fit 
within the 
acceptance of 
an accelerator

ãs = 3 TeV 
Circumference = 4.5km
L = 3×1034 cm-2s-1

/bunch = 2x10 12

(p)/p = 0.1%

N = 25 m
* = 5mm

Rep Rate = 12Hz
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In present MC baseline design, Front ï

End is same as for Neutrino Factory



Achievements ïConcepts

Front -End concept (up to initial cooling) developed & simulated:
- Delivers ~0.1 muons / 8 GeV proton.
- Requires development of RF cavities within few Tesla fields.

Complete self -consistent 6D cooling channel concept exists, with 
several candidate variants partly simulated:
- Technologies must be developed & performance established

Low energy acceleration (Linac followed by 2 RLAs & FFAG):
- Developed for Neutrino Factory (International Design Study)

High energy acceleration:
- Could use RLAs, but believe rapid cycling synchrotrons likely to be  
more cost effective.
- R&D on rapid cycling magnets (grain oriented  Si Steel) ongoing

Collider Ring:
- Old studies produced initial lattice for 4 TeV collider
- New studies have focused on 1.5 TeV collider. Good  recent progress 
resulting in better lattice with 1.2% momentum acceptance & 4.7
dynamic aperture (errors yet to be included).  
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Achievements - Technologies

Hg jet in a 15T solenoid

Measured disruption 

length = 28 cm

1 cm
201 MHz RF cavities for MuCool & 

MICE  R&D (LBNL et al.)

HTS cable R&D

(FNAL ïTD)HCC magnet tests

(FNAL ïTD)

MERIT EXPT at CERN PS

Liq. H2 absorber

(KEK)

42cm Be RF window

(LBNL)
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Achievements ïTest Facilities

MUCOOL Test Area built at FNAL for ionization  cooling component testing: 

5T magnet, RF power at 805MHz & 201MHz, LH2 handling capability, 400MeV beam from linac.

MICE Experiment under way

at RAL: Ionization Cooling 

Channel proof-of-principleMICE ïupstream beamline 
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MAP Initiative

Muon Accelerator Program

MAP
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